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Abstract 
 
In gas condensate field management, fracturing wells is an efficient way to achieve a significant gas production as well as 
keeping the flowing bottom hole pressure as high as possible in order to limit the liquid drop out and the resulting condensate 
blockage. As far as reservoir simulation is concerned it leads to the challenge of modeling properly and simultaneously the 
fracture, the non Darcy flow effect due to turbulences and/or inertia but also the condensate blockage. A common practice in 
the industry is to run compositional simulation with a fine grid system to capture the various phenomena impacting the well 
deliverability. Although such a method is reliable, it is time consuming and may not be realistically applicable in the case of a 
full field study with numerous fractured well because of computer processing limitations. 
 
The goal of this thesis is to investigate the method proposed by Fevang and Whitson to assess well deliverability in a gas 
condensate reservoir using two phase pseudo-pressure transform. Such a method can be applied in a coarse grid system to 
reduce computing time and it is implemented in the Eclipse reservoir simulator. Through the case of an artificial reservoir 
based on the third SPE comparative solution project - SPE 12278 - a fine grid compositional model is defined and studied. 
Then a coarse grid system with the two phase pseudo-pressure option is built and the results are compared to the fine grid 
compositional simulation results. This thesis show that it is crucial to model properly the fracture, and its behaviour when 
Forchheimer effect is considered, above the dew point in a coarse grid prior to running a simulation below the dew point with 
the two phase pseudo-pressure option. Following the guidelines given in this thesis, it is possible to perform a correct 
simulation in a coarse grid system. Although such a simulation does not yield exactly the same results as a fine grid 
compositional simulation, it gives quite an accurate idea of what can be the deliverability of the well. 
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Abstract 
 
In gas condensate field management, fracturing wells is an efficient way to achieve a significant gas production as well as 
keeping the flowing bottom hole pressure as high as possible in order to limit the liquid drop out and the resulting condensate 
blockage. As far as reservoir simulation is concerned it leads to the challenge of modelling properly and simultaneously the 
fracture, the non Darcy flow effect due to turbulences and/or inertia but also the condensate dropout effects. A common 
practise in the industry is to run compositional simulation with a fine grid system to capture the various phenomena impacting 
the well deliverability. Although such method is reliable, it is time consuming and may not be realistically applicable in the 
case of a full field study with numerous fractured well because of computer processing limitations. 
 
The objective of this thesis is to investigate the method proposed by Fevang and Whitson to assess well deliverability in a gas 
condensate reservoir using two phase pseudo-pressure transform. Such a method can be applied in a coarse grid system to 
reduce computing time and it is implemented in the ECLIPSE reservoir simulator. Through the case of an artificial reservoir 
based on the third SPE comparative solution project - SPE 12278 - a fine grid compositional model is defined and studied. 
Then a coarse grid system with the two phase pseudo-pressure option is built and the results are compared to the fine grid 
compositional simulation results. This thesis shows that it is crucial to model properly the fracture and its behaviour when 
Forchheimer effect is considered, above the dew point in a coarse grid prior to running a simulation below the dew point with 
the two phase pseudo-pressure option. Following the guidelines given in this thesis, it is possible to perform a adequate 
simulation in a coarse grid system. Although such simulation does not yield exactly the same results as a fine grid in 
compositional formulation, it gives quite an accurate idea of what can be the deliverability of the well. 
 
Introduction 
 
Assessing the deliverability of a vertical fractured well with finite conductivity fracture, it does not imply only an appropriate 
modelling of the fracture behaviour but also the turbulences/inertia effects introduced by Forchheimer 
11, 14
. In the case of a gas 
condensate reservoir with a bottom hole flowing pressure (BHP) below the dew point, there is the extra challenge of modelling 
correctly the condensate blockage as shown by Kniazeff et al
23
. That involves, amongst other things, the complex phenomena 
of velocity stripping
4, 5, 18 
and condensate re-vaporization and/or hysteretic
10
 depending on the fluid richness. 
The most current practice is to introduce a local grid refinement to capture all these phenomena through a compositional 
simulation. Unfortunately local grid refinements are very time consuming and require a significant processing capacity. If 
applied to a full field model with numerous fractured wells it can be even impossible to achieve because of a prohibitive 
processing duration and/or capacity. 
 
In 1996 Fevang and Whitson
11
 proposed a method to assess the deliverability of a gas condensate well using the two phase 
pseudo-pressure transform introduced by Jones and Raghavan
20
. This method may avoid the need of a very refined grid in the 
vicinity of the well
29
. Although Mott showed that analytical application of this method can provide a satisfactory and quick 
estimate of the deliverability
25
, there are not that much case studies of application found in the literature. The goal of this thesis 
is to investigate how can such method to be applicable to a vertical fractured well in a rich gas condensate and to show how it 
can be a reliable tool in the case of a coarse grid full field simulation. First a fine grid compositional (FGC) simulation is run 
for a relevant case of rich gas condensate field. The second part of this study focus on how to apply the coarse grid two phase 
pseudo-pressure (CG2PPP) method excluding / including Forchheimer effect and compares the results. 
 
Imperial College 
London 
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Fine grid compositional simulation of a vertical fractured well above and below dew 
point 
 
Presentation of the reservoir - fluid - well system 
 
The {reservoir - fluid - completion} system to model is based on the third comparative study SPE paper#12278
21
. The fluid 
described in this study is a rich condensate gas as per Yisheng et al definition (1998) whose maximum liquid dropout is 
19.9%, CGR is 148stb/MMscf and C7+ is 6.59%. The composition and characterizing experiments are given in appendix 1.  
The reservoir is supposed to be homogeneous (in porosity and permeability) and horizontally isotropic as regards the 
permeability. The vertical 0.5ft diameter well is fully penetrated and fractured. Two scenario of completions are considered: 
completion 1 and completion 2. Properties of both reservoirs and completions are given in the table 1 below.  
 
 
Table 1 : Reservoir and completions properties 
 
Henderson correlation
18
 is applied to take velocity stripping phenomenon into account when flowing below the dew point. All 
parameters are set to default values but the base capillary number which has been recalculated to 2.2E-6 (instead of 1E-6) as 
per ECLIPSE technical description manual procedure
32
, thus to account for the fluid richness. Miscible flow (straight line 
relative permeability curve) is assumed in the fracture. 
 
Non Darcy flow effects are modelled using the Geerstma correlation
13
 as it can be applied to both single and multiphase flow. 
The correlation parameters are the defaults ones except for the fracture. Indeed specific correlations are used for the β factor of 
a fracture
24,26
. Cookes correlation is applied for 20-40 mesh size proppant and Geerstma correlation is tuned to equal Cookes 
correlation value for a single phase flow. See Appendix 2 for the parameter calculations of theses various correlations. 
 
 
Table 2: Parameter values for velocity dependent phenomenon correlations 
 
Numerical set up of the fine grid model 
 
The fine grid model is a "double tartan" grid with cell size as little as 1.5ft near the well bore increasing logarithmically with 
the distance from the well. In the fracture direction cell size is small near the well and it increases until it reaches a local 
maximum at half of the fracture half length, then the size decreases down to 3ft at the fracture tips from which it resume a 
logarithmic increase - figure 1. Such grid pattern provides a quality of simulation which is as good as a constant block size of 
1.5ft all along the fracture, but it reduces considerably the computation processing time. The dimensions of the grid 19665.5 
by 17975.5 ft are large enough not to detect any boundaries during the simulation. 
 
 
Figure 1: Grid pattern applied to the fractured well - quarter view 
well 
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The fracture is modelled as a box which is 1.5ft wide - threshold below which convergence problems appear - and two times 
the fracture half length long. The fracture properties are "scaled" in the box following Shaoul, Behr et al
28
 recommendations 
(2006): 
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The β factor considered for this operation is the "dry" flow factor - flow of gas with no connate water saturation.  
Below is a table comparing "real" and "scaled" properties. 
 
 
Table 3: Comparison between real and scaled fracture properties 
 
Fine grid compositional simulation and analysis of results  
 
Simulation is run above the dew point through of a multi rate test. The production gas rate increases from 4000 Mscf/D up to 
28000 Mscf/D by 4000 Mscf/D increment. The duration of each drawdown is around 38 hours. That equals the duration of the 
subsequent build-up. Simulated BHPs and flow rates are exported to a well test analysis software - Saphir. 
 
In the case of Darcy flow simulation the resulting pressure transient analysis shows typical finite fracture conductivity and 
radial stabilization is matching the modelled reservoir/fluid/completion system - figure 2. As expected the response is much 
different when non Darcy flow is considered - figure 2bis. If the radial stabilization is logically the same, the fracture early 
time behaviour is very difficult to distinguish as depicted below. Rate dependant skin is determined to be around 3E-5 
1/(Mscf/D) - see appendix 3. 
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Figure 2-2bis: Pressure transient response above dew point with  and without non Darcy flow effect 
 
In order to assess the contribution of the fracture to the overall turbulences/inertia effect - Ramey and Wattenbarger
31
 shown 
that it could be more significant than non Darcy flow effect within the reservoir - a third simulation is run which considers 
Forchheimer effect only in the reservoir but not in the fracture. It turns out that in this particular case the Forchheimer effect is 
entirely due to the fracture, regardless of its length or the reservoir β factor value, since the simulated Darcy flow BHP and the 
reservoir non Darcy flow BHP are the same as depicted by the chart below - figure 3. 
 
As a result non Darcy flow effect is not modelled through a β factor correlation but through the direct input of a rate dependent 
skin D factor accounting for the fracture turbulences/inertia. 
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Figure 3 : BHP response with and without non Darcy flow effect considered in the reservoir and / or the fracture  
multi-rate test above dew point 
 
Below the dew point condensate banking and positive coupling in the vicinity of the well are observed as depicted by the 
figure 4. Condensate banking is detected also on pressure transient analysis of the drawdown
2,3
 with a decrease of mobility 
when liquid drops out shown in figure 5. 
 
 
Figure 4: Oil saturation and gas relative permeability versus distance from the well perpendicularly to the fracture at 
the end of a 74 days drawdown dropping below dew point 
 
1E-3 0.01 0.1 1 10 100 1000
Time [hr]
1E+6
1E+7
1E+8
G
a
s
 p
o
te
n
tia
l [
p
s
i2
/c
p
]
Log-Log plot: m(p)-m(p@dt=0) and derivative [psi2/cp] vs dt [hr]
 
Figure 5: Pressure transient response - 74 days drawdown dropping below dew point 
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All these information are very valuable and necessary to analyze properly any kind of well in a gas condensate reservoir. 
Nevertheless when studying a full field in a given time frame, the engineer might just need a relatively accurate idea of what 
value to expect in term of  fluid rates, size of condensate banking, pressure outside the bank and BHP. The second part of this 
study discusses a method to achieve such results. 
 
Coarse grid model with two phase pseudo-pressure 
 
Based on Fevang and Whitson work
10
 to assess gas condensate well deliverability using two phase pseudo-pressure transform, 
a first coarse grid model is issued. This method distinguishes two main sets of phenomena impacting the deliverability. In the 
equations 4 and 5, C is the well inflow component and accounts for the well completion, damage, and non Darcy flow effect. It 
rules the deliverability above dew point, whereas the 2PPP integral covers the fluid behaviour and the related phenmomena 
such as condensate blockage occurring below dew point: 
 
 
  (4) & (5)  
 
 
Considering three zones around the well bore, the 2PPP integral is split into three integrations between the BHP and the 
reservoir pressure pr, so that it considers dry gas region where single phase pseudo-pressure
1
 rules the gas flow, gas with 
immobile condensate and multiphase flow region - appendix 5. 
 
Therefore it is necessary at a first time to make a coarse model which models properly the fractured well and the 
turbulences/inertia effect above dew point and then to add the 2PPP term to account for liquid drop out below dew point. 
 
Well inflow equation 
 
Above the dew point the well inflow equation used in the reservoir simulator is: 
 
(6) 
 
This inflow equation is equal to equation 4 in the case of single flow - dry gas. 
Tm accounts for the well transmissibility - it depends on the completion and the skin. Dm represents the non Darcy flow effect. 
If there is no Forchheimer effect then Dm is equal to 1. 
 
The fracture and non Darcy flow effect models 
 
Using the eclipse keyword FWELL it is possible to generate a fracture in a coarse grid system. The fracture covers entirely the 
well and penetrates the full width of the cell in the fracture direction. A uniform flow into the fracture at the centre of the cell 
and a linear flow covering one fourth of the cell are assumed - figure 6. The obvious drawback of such model is that the 
fracture is assumed to be infinitely conductive.  
 
The second option to model a fracture is to consider a non fractured vertical well with a negative skin. Tm and Dm for theses 
two kind of completion models are shown in table 4. 
 
 
Table 4:  Well inflow components for various completions 
Figure 6: Eclipse fractured well model in a coarse grid 
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The main inconvenience of theses models is that Dm and Tm are block size dependent. This block size dependency is an issue 
as it may induce false estimations of the deliverability. For instance, in the case of a fractured well model, if Dy is too small, 
then the linear flow region is underestimated resulting in an overestimation of the simulated BHP as the transmissibility is 
overstated. It may also leads into conflicts: the suitable block size to simulate properly the fracture might not be equal to the 
appropriate block size for a good Forchheimer effect modeling. Even if an acceptable trade-off is reached to represent the well 
above dew point, the block size might be too coarse to achieve a proper CG2PPP simulation. As a result, it is necessary to find 
a method to get rid off this block size dependency. 
 
Modeling the fracture 
 
In the case of a fractured well completion model a skin factor is added to account for the pressure drop within the fracture as 
per Cinco-Ley, Samaniego
8
 et al and Hanley et al
16
 recommendations. This skin factor Sf is not added for the case of a non 
fractured well with negative skin completion model. It is equal to:  
Cfd
S f


3

 (7)  
 
The cell size in the Y direction Dy - perpendicular to fracture plan - must be such that Dy/8 matches the real linear flow 
region. Determining the linear flow region size can be achieved by well testing analysis or by running a grid size sensitivity 
analysis compared to a FGC model. In the particular case of the long fracture the grid size should be set to 250ft - figure 7. 
 
 
Figure 7: Impact of the well connected block size on the transmissibilities - BHP vs. time 
 
In order to achieve the proper well transmissibility regardless of the well connected block size, a correction transmissibility 
factor is calculated and then is applied in the reservoir simulator through the input of a well PI multiplier - keyword 
WPIMULT. This transmissibility correction factor is equal to: 
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This correction allows matching the correct BHP independently of the cell size and keeps the pressure profile out of the linear 
flow region unchanged. See appendix 6. 
 
Non Darcy flow effect - scaling factor 
 
With respect to BHP response the D factor has to be scaled. For instance in the case of the long fracture, the rate dependent 
skin - obtained through multi rate test analysis - is equal to 3.5E-5 1/(Mscf/D). However the rate dependent skin factor D as an 
input must be set to 8E-5 1/(Mscf/D) to achieve the same BHP response for a 250ft block size. Therefore the factor D must be 
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scaled. It is multiplied by a correction factor αND which is calculated beforehand, and then a "scaled " rate dependent skin D 
factor is input: 
 measuredNDscaled DD       (9)         22
22
)(
NDCCTDCCT
NDRDCCT
ND
BHPBHP
BHPBHP

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

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This correction allows matching the measured BHP independently of the cell size and keeps the pressure profile out of the 
linear flow region unchanged. See appendix 7. 
 
Once the well response above dew point in the coarse grid is satisfactory compared to the fine grid model, simulations are run 
applying the 2PPP transform below the dew point.  
 
Two phase pseudo-pressure: cell size issue 
 
The two phase pseudo-pressure transform, called generalized phase pseudo-pressure in the Eclipse simulator, is triggered 
through the keyword PICOND or GPP item in COMPDAT keyword. Like for the fine grid system, velocity stripping 
phenomenon is taken into account. First simulations are run without considering turbulences/inertia effect.  
 
It turns out that two phase pseudo-pressure simulation in a coarse grid system with the default size of cell - 250ft - does not 
give the same results as the fine grid system compositional simulation. This is due to the underestimation of the block 
pressure. As a result the moment from which the condensate critical saturation is reached in the CG2PPP model is postponed 
compared to the FGC model thus changing dramatically the gas relative permeability profile. Figure 8 below depicts this 
phenomenon with condensate flowing less than 40 days after the start of the simulation in the case of FGC simulation but not 
before 120 days in the case of CG2PPP simulation. As soon as the critical saturation is reached in the coarse system then the 
simulated BHP curve trend changes and tends to catch back the FGC BHP curve. Therefore it is necessary to reduce the cell 
size to achieve a proper simulation below the dew point. Correction factors as previously introduced must be applied. 
 
 
 
 
Figure 8: Comparison between FGC and CG2PPP simulation - BHP and condensate relative permeability of the well 
connected block - 250ft cell size - Issue regarding the liquid mobility 
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Coarse grid two phase pseudo-pressure simulation - Darcy flow - fractured well 
 
Two phase pseudo-pressure simulations are run for various cell sizes - 100ft, 150ft, and 250ft - with corrected fracture 
transmissibilities - figure 9. 
 
 
 
Figure 9: Comparison between FGC and CG2PPP simulation BHP and condensate relative permeability of the well 
connected block - Darcy flow - cell size: 100ft - 150ft - 250ft 
 
As expected reducing the cell size improves significantly the simulated well response. Indeed the smaller the cell is, the less is 
the delay between the moment the condensate start flowing in the CG2PPP simulation and the moment they flow in the case of 
a FGC simulation. As a result the bump - the peak of discrepancies - between these two models is reduced. Even if there is an 
irreducible difference - which is worth approximately 20psi - between the FGC and the CG2PPP simulated BHP, such a result 
is considered as satisfactory since it gives quite a good range of value. The condensate relative permeability response of the 
coarsest grid systems is unrealistic during the build-up as it can be non null even if the condensate saturation is less than the 
critical saturation. That is an extra reason to reduce as much as possible the size of the well connected blocks.  
 
As regard to the rates, the well is controlled by setting a gas production rate target, and the condensate production rates are 
equivalent regardless of the cell size. The cumulative condensate production results are very good as discrepancies are less 
than 0.5% as shown by the table 5 below. 
 
 
Table 5: Cumulative condensate production for various grid systems - FGC versus CG2PPP 
 
In both cases (FGC and CG2PPP) the radius of the condensate bank and the pressure profiles out of the liquid drop out region 
are approximately the same - figures 10 and 11. 
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Figure 10: Pressure profile versus distance from well - Comparison between FGC and CG2PPP  
 
 
Figure 11: Condensate saturation distribution around the well bore at end of drawdown 
FGC versus CG2PPP simulation - well connected block size: 100ft 
 
In case of longer and higher drawdown - discrepancies in BHP response are still observed and stabilize. Whenever the 
condensate bank expands and oil becomes mobile in the adjacent blocks of those connected to the fractured well, the CG2PPP 
simulated BHP curve diverges more from the FGC BHP - figure 12. 
 
 
Figure 12: Impact of the condensate bank widening on the BHP response of the CG2PPP 
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If the condensate bank stabilizes - the area where condensates are mobile does not extend to other blocks - then the 
discrepancies stabilize too and the CG2PPP simulated BHP may match the FGC simulated BHP - figure 13.  
 
 
Figure 13: Impact of mobile condensate region stabilization on the BHP response of the CG2PPP 
 
Coarse grid two phase pseudo-pressure simulation - Darcy flow - Vertical well with negative skin factor 
 
The conducted well test analysis of the simulated fine grid model BHP indicates that the fracture is equivalent to a geometric 
skin of -4.9. Simulation is run for such model - basic vertical well with a negative skin. The result of this simulation is quite 
close to a fractured well completion model - figure 14. The condensate relative permeabilities of the blocks connected to the 
well are the same. However there is a constant difference between the simulated BHP - 35psi after a 166 days drawdown at 
16000 MScf/D compared to the FGC model. In spite of this systematic error it can be considered as a quite satisfactory 
approximation for a first guess.  
 
 
Figure 14: Comparison of well response for various well completion model - BHP and well connected condensate 
relative permeability versus time - FGC and 100ft CG2PPP 
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Overall performance of the coarse grid two phase pseudo-pressure simulation 
 
The block dimension does not influence that much the duration of computation, nevertheless the advantage of the CG2PPP 
simulation regarding the computation duration compared to the FGC simulation is obvious with a CPU less by two order of 
magnitude - table 6. Moreover once the condensate banking stabilizes, the CG2PPP simulations give very similar results on 
the long run, thus regardless of the block size as shown in figure 15. Still the relative condensate permeability of the well 
connected block may be erratic during build-ups as it can increase in spite of the revaporization process that normally occurs. 
 
Concerning the discrepancies observed between the FGC and CG2PPP simulated BHPs when the condensate bank spreads 
over an adjacent blocks in the coarse grid system, it should be borne in mind that for this kind of field the current practice 
would be to support the pressure to mitigate the condensate banking widening. Even if this is a relatively tight reservoir, it 
remains a conventional field for which gas cycling is achievable from both technical and economical point of view. Therefore 
the divergences that are observed may not be as critical as it seems since such a situation - a non stabilized bank - would not be 
encountered in reality. 
 
 
Table 6: Comparison of cumulative processing unit for various simulation models 
 
 
 
Figure 15: Comparison of CG2PPP BHP for various block size and completion model vs. FGC BHP 
 
Coarse grid two phase pseudo-pressure simulation with non Darcy flow effect  
 
The same process is repeated taking non Darcy flow effect into account through the input of a corrected rate dependent skin 
factor D. Transmissibility features (negative equivalent skin or corrected fracture completion) are kept unchanged. 
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The BHP responses are similar to previously observed responses - figure 16 - although the irreducible discrepancies between 
the FGC and CG2PPP model is more significant - 50psi instead of 20psi at the end of the extended drawdown. As regard to the 
rates, the condensate bank size and the pressure profile in the region above dew point, the CG2PPP response is satisfactory in 
comparison of the FGC response - figures 16 & 17. Nevertheless the results are not as good as the Darcy flow case. Indeed 
there is around 5% of difference compared to the FGC for the cumulative condensate production - table 7 - besides the 
CG2PPP BHP does not match the FGC for a multi rate test once condensates are mobile. 
 
 
Figure 16: Comparison between FGC and CG2PPP simulation BHP and condensate relative permeability of the well 
connected block - non Darcy flow effect -cell size: 100ft - 150ft - 250ft 
 
 
Table 7: Comparison of cumulative condensate production for various grid systems 
FGC versus CG2PPP - non Darcy flow considered 
 
 
Figure 17: Condensate saturation distribution around the well bore at end of drawdown 
FGC versus CG2PPP - non Darcy flow effect considered - well connected block size: 100ft 
20  [Deliverability of a rich gas condensate fractured well] 
 
 
Figure 18: Pressure profile versus distance from well - Comparison between FGC and CG2PPP - Non Darcy flow effect 
 
The way the non Darcy flow impacts the well response for a given completion model differs significantly. Indeed the BHPs 
are much closer when turbulence/inertia is considered than without. Contrary to the Darcy flow case, the condensate relative 
permeabilities of block connected to the well are not equal - though they are quite similar in shape and values - figure 19. 
 
 
Figure 19: Comparison of FGC and 100ft CG2PPP response for various well completion models - BHP and well 
connected oil relative permeability versus time - non Darcy flow effect considered 
 
As previously observed in the case of Darcy flow below dew point, discrepancies appear when drawdowns are longer and/or 
more intense due to the condensate bank spreading.  
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Discussion and Conclusion 
 
Although the CG2PPP simulation does not give exactly the same response as the FGC simulation, it allows to get a relatively 
good idea of what to expect in term of fluid rate, bank size, pressure profile out of the liquid drop-out region and BHP. As a 
result CG2PPP simulation may be a useful tool to quickly assess the deliverability of a vertical fractured well at the scale of a 
field. However it must not be used to make an accurate study of the well deliverability for which the FGC simulation remains 
the best option. 
 
It is crucial to model properly the fracture and the non Darcy flow effects above dew point in order to achieve a correct 
CG2PPP simulation below dew point. Failing in doing this will result in a wrong simulation. The fact to link the 
transmissibility and the rate dependent skin to the dimension of the well connected block is an issue as it increases the 
complexity of the model. It would be very interesting to carry out further studies on such a topic and also to investigate other 
methods as the standard fraccing options implemented in simulators. 
 
This thesis provides guidelines on how to apply successfully the 2 phase pseudo-pressure method of Fevang and Whitson in a 
coarse grid system, thus through an artificial field case. However it should be applied to a real field case for which a fine grid 
compositional simulation has been performed in order to confirm what is suggested in this work. 
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Nomenclature 
 
a  Geerstma correlation - nominator   h net formation thickness 
b Geerstma correlation - porosity exponent  K permeability 
B formation volume factor  m Henderson correlation - critical saturation parameter 
bf fracture width  n1 Henderson correlation - first saturation exponent 
BHP Bottom hole pressure  n2 Henderson correlation - second saturation exponent 
BP Block pressure  Ncb Base capillary number 
c Geerstma correlation - saturation exponent   NTG Net to gross ratio 
CG2PPP Coarse grid 2 phase pseudo-pressure  Q flow rate 
CGR Condensate gas ratio  rw well radius 
CPU Computation processing unit  re drainage radius 
D rate dependent skin factor  ro equivalent pressure radius - from Peaceman formula 
d Geerstma correlation - permeability exponent   s Skin 
Dm well inflow rate Forchheimer effect term  Sw water saturation 
Dx block dimension in the x direction  Soil Condensate saturation 
FCD Fracture dimensionless conductivity  Tm well inflow transmissibility term 
FGC Fine grid compositional  xf fracture half length 
GWC Gas water contact    
  
Subscript 
CCT-D Coarse grid Corrected Transmissibility with Darcy flow  RD Reference case with Darcy flow 
CCT-ND Coarse grid Corrected Transmissibility with non Darcy flow  R-ND Reference case with Non Darcy flow 
CUT-D Coarse grid Uncorrected Transmissibility with Darcy flow  real real 
f fracture  sim simulated 
g gas  T transmissibility 
gd dry gas  x x direction 
ND Non Darcy flow  y y direction 
o oil / condensate  z z direction 
r relative    
  
Greek 
α Correction factor  μ viscosity 
β β factor for non Darcy flow effect correlation  φ porosity 
Δy dimension of the fracture block in the y direction    
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Appendix 1 - Fluid characterization 
 
The composition of the fluid is given in the table below: 
 
 
 
CVD, CCE and separator test are done to characterize this fluid.  
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The cumulative gas oil ratio is 6.754 Mscf/stb. Critical temperature and pressure are respectively 102F and 3053psig. 
 
The phase plot is given below: 
 
 
 
The C7+ fraction is lumped into three heavy end groups whose features are: 
 
 
 
 
 
Yisheng et al gas condensate classification: 
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Appendix 2 - Velocity dependent phenomena 
 
 
Velocity stripping 
 
The capillary number is defined as: 
 

 v
N
.
   
where μ is the viscosity in Pa.s, v is the fluid velocity in m/s, σ is the interfacial tension between oil and gas in N/m.  
 
The method recommended in the Eclipse technical manual defines the base capillary number as the capillary number at the 
lowest pressure of production - 2400psig in the case of this study. See technical description manual. 
 
From CVD report it is known that  
μ = 0.0224 cP = 2.24E-5 Pa.s 
σ = 0.345 dyn/cm = 3.5E-4 N/m 
Assuming a maximum fluid velocity of 
v =10 ft/day = 3.5E-5 m/s, then: 
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The flow chart below explains how the Henderson correlation allows to determine velocity dependant relative permeability. 
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Non Darcy flow effect 
 
Which correlation? 
 
Various correlations to quantify the Forchheimer effect can be applied in the reservoir to get a single phase flow β factor. The 
table below recaps the various values obtained by theses correlations: 
 
 
 
As regard to the choice of correlation, Geerstma is likely one of the best for a single phase flow of gas with immobile water - 
there are a lot of field case studies honoring this correlation. Nevertheless applying such a correlation when water is mobile or 
when the flow is multiphase, may be more uncertain. Indeed  Blom and Hagorth but also Fevang and Whitson mention other 
multiphase correlations directly linked to the saturation or relative permeability: 
 
 
 
 
 
A and B are experimentally determined 
 
Kutasov proposes the following correlation for multiphase flow: 
 
 
 
 
 
Henderson  proposes to consider interfacial tension with the following relationship: 
 
 
 
 
 
Unfortunately theses correlations are not easy to implement in eclipse and/or there is a lack of feedback regarding how they 
honor field data. That is why it has been decided to apply Geerstma correlation in spite of its potential drawbacks. 
 
Which values for the Geerstma correlation parameter? 
 
If Geerstma correlation is the only correlation applied in this case, it is always possible to argue about which value of single 
phase β factor must be considered; in other words which value for the parameter a. That can only be determined by field test 
data. 
 
Geerstma correlation is defined as: 
 
 
β is in 1/m and k is in m². 
Default parameters are used for the reservoir ( i.e. a=5E-3, b=c=5,5 and d=0,5). 
For a "dry" flow of gas - in other words if there is no connate water saturation: 
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For a single phase flow of gas - with connate water saturation : 
 
 
 
 
For the fracture Cookes correlation is applied for a 20-40 mesh size proppant to get a single phase β factor: 
 
 
β is in 1/ft and k is in mD. 
 
Then: 
 
 
 
Geerstma correlation applied in the fracture is tuned to equal Cookes correlation in the case of a "dry" gas flow : 
 
 
 
then a is: 
 
 
 
 
 
Scaled properties for the fracture 
 
Scaled permeability 
 
 
 
 
 
Scaled porosity 
 
 
 
 
 
 
Scaled "dry" flow β factor 
 
 
 
 
 
 
By a similar operation as the one previously described the coefficient a is modified - in this case a=2.77E-3 
 
Parameters for eclipse for non Darcy flow correlation 
 
When using field units "k" is in mD and "a" is in F/(mD)^(1/d) with 1F=1.01325E-8 1/m. 
Then the following values for coefficient "a" are input: 
 
in reservoir a = 1.56E-3 F/ mD^½ 
in fracture a = 8.66E-4 F/ mD^½ 
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Skin versus rate
y = 3E-05x
R2 = 0.9793
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Appendix 3 - Rate dependent skin estimation 
 
There are several methods to determine the rate dependant skin factor. Here is a comparative study of these different methods 
applied to a multi rate test. 
 
Pressure transient analysis 
 
The build ups are analyzed as finite conductivity fracture with homogenous infinite extent reservoir. The skin is calculated for 
each of them and is displayed versus the rate. The slope of the linear approximation equals the rate dependant skin and is 
worth 3E-5 1/(Mscf/D). 
 
 
 
It is worth to know that when regressing on the history plot with the software Saphir, the same result is obtained. 
 
Analytical formula 
 
A relationship was proposed by Ramey in 1965 to calculate the rate dependant skin factor for a given value of β in 1/ft. 
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M is the molecular weight of the gas in lb/mol, 
scP  and scT  are standard condition pressure and temperature in psia and °R 
gk the gas effective permeability in mD, g  the gas viscosity in cP 
wr  is the well radius in ft 
Then 
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Another relationship is proposed in the Eclipse technical description manual. 
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β is in Forchheimer (
181001325.11  mF ). 
ro is the equivalent pressure radius and it is calculated with the Peaceman formula: 
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Finally it gives the following value of D: 
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It should be born in mind that these formula have been derived for a basic vertical well and/or that they are block size 
dependent which may explain the discrepancies noticed between the results. Unfortunately there is no relationship found in the 
literature that can apply to such a particular case.
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Effect of non Darcy flow on the BHP above dew point for a long size fracture - xf =197.75ft
Geertsma correlation applied in the reservoir and/or the fracture
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Appendix 4 - Impact of the fracture on the Forchheimer effect 
 
As shown by Ramey and Wattenbarger, non Darcy flow effects in an infinite conductivity fracture can be as significant in the 
fracture as in the reservoir. Therefore it is supposed that, in the case of a finite conductivity fracture, the Forchheimer effect 
can be much higher in the fracture than in the reservoir, making worth to estimate their respective contributions. 
 
A first set of simulation is performed with the Geerstma correlation values that are used in the fine grid compositional model: 
 simulation A with β factors input in the whole system - of course  
 simulation B with a β factor input for the reservoir but not for the fracture 
 simulation C for which non Darcy flow are not taken into account in both reservoir and fracture. 
Such a sequence of simulation is repeated for various fracture half-length size - long: 197.75ft, medium: 97.75ft, short: 
27.75ft. 
 
Whatever is the fracture half length BHP of the simulation B and C are almost the same, but BHP of the simulation A is much 
lower, which means that non Darcy flow effect in the reservoir is negligible compared to the one taking place within the 
fracture. The figure below depicts this phenomenon. 
 
fracturereservoir  
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Given the various correlation for the β factor (see appendix 2) it was necessary to determine until which extent this assumption 
was applicable. The same procedure is repeated increasing the single phase β from 3.735E7 1/cm (Geerstma Correlation 
without connate water) up to 3.2E9 1/cm (Pascal et al correlation - highest value of β for a given reservoir absolute 
permeability). In this case this assumption is not true anymore as significant discrepancies are noticed between simulation A, 
B and C. 
 
 
 
 
Nevertheless the  Pascal et al correlation looks really like an extreme case as the second highest correlation value is one order 
of magnitude lower -  Coles and Hartmann. So the same study is performed with this correlation which is more representative 
of a high estimate of β factor potentially encountered in practice. In that case β is worth 1.85E8 1/cm. Contrary to the Pascal et 
al correlation, the BHP responses of simulation B and C are almost the same regardless of the fracture half length. Below is 
depicted the various BHP responses for a medium size fracture. 
 
 
 
 
 
 
 
 
[Paper Number]  33 
 
 
To conclude Forchheimer effect in this reservoir with such a kind of fracture system can be neglected in comparison of effect 
in the fracture. As a result it may be interesting to model non Darcy flow through the use of a turbulence D factor 
(keyword:WDFAC) instead of inputting a β correlation (keywords VELDEP and VDKRG). 
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Appendix 5 - Overview of the theory of gas condensate reservoir 
 
As shown by Muskat (1949) and Kniazeff et al (1965) in gas condensate fields, when the bottom hole pressure drops below the 
dew point the gas condenses, resulting in a “condensate bank” that forms around the well bore. Consequently the gas 
saturation decreases near the well bore and then the well deliverability drops. Obviously the higher the flow rate is, and thus 
the subsequent pressure drop, the faster condensate banking appears. From a pressure transient analysis point of view, 
condensate banking exhibits the features of a region composite behavior – Chu & Shank. 
 
If the well is shut in, the condensate bank may re-vaporizes as the pressure build-up. Though Economides et al showed in 1987 
that if the gas is lean enough the condensate bank may not vanished during the subsequent build-up (above the dew point) of a 
production drawdown (below the dew point). In a well test analysis perspective, this hysteretic phenomenon implies that the 
drawdown and build up responses may be similar. Although in the case of a rich condensate gas / very volatile oil, as this 
phenomenon does not occur, then build up response is the “mirror” image of the drawdown response – Aluko and Gringarten. 
 
Moreover rate dependant phenomena such a non Darcy flow effects and velocity stripping must be taken into account to 
characterize properly the flow behavior in gas condensate flowing below the dew point. 
 
Non Darcy flow effects – Forchheimer 1901 – are due to turbulences and inertia. They restrain the flow of gas toward the well 
– that is why a specific turbulent skin is associated to this phenomenon. Taking this phenomenon into account results in the 
subsequent modification of the Darcy equation:  
 
                                             
 
There are several correlations to determine this β factor for single and/or multiphase flow.   
 
In 1967 Gondouin has shown through core experiments that the relative permeability of gas below the dew point may increase 
with velocity. This concept, confirmed by Mott and Henderson, is called velocity stripping and occurs when the capillary 
number – the ratio of viscous to capillary forces – is high enough, which is a function of the production rate and the richness of 
the fluid. It results in a significant improvement of the gas permeability and, for gas that are lean enough, in a reduction of the 
condensate saturation in the vicinity of the well bore. As explained by Henderson, velocity stripping can be strong enough to 
balance Forchheimer effects, thus improving the well deliverability. This is called “positive coupling”.  
 
 
Consequently four zones can be distinguished around a well producing gas condensate below the dew point: 
 Zone 1 where the reservoir pressure is above the dew point. There is no condensate and single phase gas pseudo-
pressure – Al Hussainy et al – can be applied. 
 Zone 2 where the pressure is below the dew point. Condensate saturation increases progressively but condensates are 
not mobile as their saturation is less than the critical saturation. 
 Zone 3 where the saturation of condensate keeps on increasing as the pressure drops and is high enough that 
condensate flows. 
 Zone 4 where the velocity stripping effect occurs. Gas relative permeability increases and condensate saturation may 
even decreases. 
2.. vv
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
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Gringarten et al showed in 2000 the existence of these four zones through a pressure transient response exhibiting a three 
regions composite behavior.  
 
It is possible to assess the radius of the condensate bank for both lean and rich gas – Bozorgzadeh and Gringarten 2004, Aluko 
and Gringarten 2009 – from well test analysis. Velocity stripping effect parameters – Henderson correlation – and non Darcy 
flow parameters can be determined from well test analysis too - Bozorgzadeh and Gringarten 2004, Gringarten and Ogunrewo 
2011. 
 
In 1988 Jones and Raghavan introduced the concept of two-phase pseudo-pressure transform to perform well test analysis 
considering the whole single phase gas and condensate as a unique fluid system. They defined the two-phase pseudo-pressure 
function as: 
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Extending the pseudo-pressure method introduced by Muskat and Evinger in 1942, Fevang and Whitson used the two-phase 
pseudo-pressure function to determine the deliverability of a well in a gas condensate field: 
 
 
    
 
 
   
  
Considering three zones around the well bore, the two-phase pseudo-pressure is 
split into  three integrations between the flowing pressure pwf and the reservoir pressure pr: 
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With Pbank the pressure below which condensate are mobile, and 
 
                        
 
This method which has been improved by Mott allows to get a good estimate of the well deliverability without the need of a 
very fine grid system in the vicinity of the well. 
)()()()( 3212 pmpmpmpm 
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Appendix 6 - Well transmissibility correction factor 
 
A method to reduce the cell size while honoring the fracture transmissibility 
 
In the case of fracture in the x direction the well inflow equation is: 
 
TmBHPBP
DSD
DDK
BHPBPQ
xy
xzy


 )(
/.
...8
)( 2222

   eq.13 
With Dz = h and Dx = 2.xf. 
 
The pressure profile for various cell size is depicted below. A first zone where the flow is linear near the fracture is clearly 
noticed. Far from the well the flow is radial. The cell size impacts the pressure distribution in the linear flow zone. The 
pressure of the cell containing the fractured well is the pressure at the end of the linear flow. 
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For the smaller grid case if the completion is modeled by a non fractured vertical well with an equivalent negative skin then 
the pressure profile is quite different at early times but the same BHP is achieved and as previously the curves match for late 
time. 
 
The concept is to find a multiplier that changes the pressure profile in the linear flow region and makes the lowest cell size 
BHP equal to the correct cell size BHP - green line - without changing the bloc pressure. 
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So the multiplier - WPIMULT keyword - is equal to: 
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DCUTBP   is the block pressure of the coarse grid uncorrected transmissibility model for Darcy flow  
 
DCUTBHP   is the BHP of the coarse grid uncorrected transmissibility model for Darcy flow  
 
DRBHP   is the reference BHP for Darcy flow - fine grid compositional model or appropriate cell size coarse grid model.  
 
CUTTm  is the uncorrected transmissibility factor of the coarse grid model for Darcy flow 
 
This method does not affect the pressure in the next cells farther from the fracture as shown by the chart below: 
 Pressure profile in coarse grid systems away from the fracture
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Transmissibility correction factor for various grid size 
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Appendix 7 - Scaling the non Darcy flow effect D factor 
 
A method to scale the D factor 
 
The well inflow equation is: 
 
DmTmBHPBPQ  )( 22    with   
G
QD
Dm
.
1
1

  
 
D is the rate dependent skin factor - WDFAC keyword. 
G depends on the completion and the well connected block dimensions: 
 
in the case of a fractured well 
x
xy
D
DSD
G
.. 


 
in the case of a vertical well S
rw
ro
LnG  )(  
 
ro is the pressure equivalent radius defined from the Peaceman formula - see appendix 3. 
 
Hence  TmBHPBPQ
G
D
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It can be written 
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where )(
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DBHPBP  account for the Darcy flow pressure drop 
where )( 2
2
NDD BHPBHP  account for the non Darcy flow pressure drop 
 
Therefore TmBHPBHPQ
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 Prior to scaling the D factor the following is observed: 
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The goal is to get a relationship such as: 
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DCCTBHP   is the BHP of the coarse grid model with corrected transmissibility for Darcy flow 
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NDCCTBHP   is the BHP of the coarse grid 2 phase pseudo-pressure model with corrected transmissibility with correct non 
Darcy flow (non scaled D factor) 
 
NDRBHP   is the reference BHP - fine grid compositional model with non Darcy flow effect or  the appropriate cell size 
coarse grid model - with non Darcy flow (reference D factor) 
 
Then the scaled D factor is: 
 
 
D scaling factor for various grid size - Dmeasured is 3.5E-5 1/ (Mscf/D) 
 
measuredNDscaled DD  
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Appendix 8 - Flow chart to perform a proper coarse grid two phase pseudo-pressure 
simulation 
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Appendix 9 - Results of simulation 
 
Grid size sensitivity BHP and Oil production rate - Darcy flow 
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Impact of the condensate bank stabilization on BHP and oil rate - Darcy flow -  case 1 
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Impact of the condensate bank stabilization on BHP and oil rate - Darcy flow -  case 2 
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Impact of the condensate bank stabilization on BHP and oil rate - Darcy flow -  case 3 
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Impact of the condensate bank stabilization on BHP and oil rate - Non Darcy flow 
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Appendix 10 - Eclipse Data file  
 
PVT data file 
ECHO 
-- Unit: F 
RTEMP 
-- Constant Reservoir Temperature 
         200 
/ 
  
EOS 
-- Equation of State (Reservoir EoS) 
   PR3 
/ 
  
NCOMPS 
-- Number of Components 
       9 
/ 
PRCORR 
-- Modified Peng-Robinson EoS 
 
CNAMES 
-- Component Names 
   'CO2' 
   'N2' 
   'C1' 
   'C2' 
   'C3' 
   'C4-6' 
   'C7+1' 
   'C7+2' 
   'C7+3' 
/ 
 
MW 
-- Molecular Weights (Reservoir EoS) 
         44.01 
        28.013 
        16.043 
         30.07 
        44.097 
      66.86942 
     107.77943 
     198.56203 
      335.1979 
/ 
  
OMEGAA 
-- EoS Omega-a Coefficient (Reservoir EoS) 
      0.457236 
      0.457236 
      0.457236 
      0.457236 
      0.457236 
      0.495004 
      0.495004 
      0.495004 
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      0.495004 
/ 
  
OMEGAB 
-- EoS Omega-b Coefficient (Reservoir EoS) 
      0.077796 
      0.077796 
      0.077796 
      0.077796 
      0.077796 
      0.075531 
      0.075531 
      0.075531 
      0.075531 
/ 
  
TCRIT 
-- Critical Temperatures (Reservoir EoS) - unit: R 
   548.460014529229 
   227.160006017685 
   343.080009088517 
   549.774014564038 
   665.640017633439 
   796.158498190998 
   827.324369916611 
   1044.41922626766 
   1275.26108918288 
/ 
  
PCRIT 
-- Critical Pressures (Reservoir EoS) - unit: psia 
   1071.33110996644 
   492.312649984577 
   667.78169997908 
   708.342379977809 
   618.697389980618 
   488.663434184691 
   389.800649787788 
   234.93726459264 
   152.234412995231 
/ 
  
VCRIT  
-- Critical Volumes (Reservoir EoS) - unit: : ft3 /lb-mole 
   1.50574732613514 
   1.44165443147049 
   1.56981194080082 
   2.37069211761919 
   3.20365931426839 
   4.64593748271616 
   5.71942094560169 
   10.4137995505528 
   17.4031022658839 
/ 
  
ZCRIT 
-- Critical Z-Factors (Reservoir EoS) 
   0.274080000048603 
   0.291149999953052 
   0.284730000053544 
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   0.284629999968594 
   0.27747999998706 
   0.265723625103648 
   0.251110748465497 
   0.218289458405312 
   0.193591774204962 
/ 
  
SSHIFT 
-- EoS Volume Shift (Reservoir EoS) 
   -0.04273033674 
   -0.1313342386 
   -0.1442656189 
   -0.103268354 
   -0.07750138148 
   -0.01603913642 
   -0.0554211763 
   0.006783695257 
   0.05740171503 
/ 
  
ACF 
-- Acentric Factors (Reservoir EoS) 
         0.225 
          0.04 
         0.013 
        0.0986 
        0.1524 
   0.2799482142 
   0.405227473 
   0.722350734 
   1.189757203 
/ 
  
BIC 
-- Binary Interaction Coefficients (Reservoir EoS) 
  -0.012 
     0.1     0.1 
     0.1     0.1       0 
     0.1     0.1       0       0 
     0.1     0.1       0       0       0 
     0.1     0.1 0.03557669518 0.01038352431    0.01       0 
     0.1     0.1 0.04788265771 0.01038352431    0.01       0       0 
     0.1     0.1 0.05955715238 0.01038352431    0.01       0       0       0 
/ 
  
PARACHOR 
-- Component Parachors 
            78 
            41 
            77 
           108 
         150.3 
     213.52089 
     331.78241 
     516.45301 
      853.4886 
/ 
  
VCRITVIS 
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-- Critical Volumes for Viscosity Calc (Reservoir EoS) - unit: ft3 /lb-mole 
   1.50574732613514 
   1.44165443147049 
   1.56981194080082 
   2.37069211761919 
   3.20365931426839 
   4.64593748271616 
   5.71942094560169 
   10.4137995505528 
   17.4031022658839 
/ 
  
ZCRITVIS 
-- Critical Z-Factors for Viscosity Calculation (Reservoir EoS) 
   0.274080000048603 
   0.291149999953052 
   0.284730000053544 
   0.284629999968594 
   0.27747999998706 
   0.265723625103648 
   0.251110748465497 
   0.218289458405312 
   0.193591774204962 
/ 
  
LBCCOEF 
-- Lorentz-Bray-Clark Viscosity Correlation Coefficients 
    0.1023 0.023364 0.058533 -0.040758 0.0093324 
/ 
 
ZI 
-- Overall Composition - mole fraction 
        0.0121 
        0.0194 
        0.6599 
        0.0869 
        0.0591 
        0.0967 
       0.04745 
       0.01515 
        0.0033 
/ 
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 Fine grid compositional data file 
 
--RUNSPEC section-------------------------------------------------- 
 RUNSPEC 
 
--fractured well completion 
--FWELLS   
 
--Request the FIELD unit set 
FIELD 
 
--Allow up to 100000 warning messages before a error message is stated, thus to avoid -----the simulation to abort when 
encountering convergences issues (reducing time step --------messages, etc...) 
 
MESSAGES 
8* 100000 / 
/ 
   
--Water is present 
 WATER 
   
--AIM solution method 
 AIM 
   
--Nine components in study ( plus water ) 
 COMPS 
9 / 
   
--Peng-Robinson equation of state to be used 
 EOS 
PR / 
 
-- velocity dependant phenomena: velocity stripping for oil, gas + non Darcy flow for gas 
VELDEP 
1 1 0 1 0 / 
 
CART 
 
-- grid dimension are X 75 Y 67 Z 8 
DIMENS 
75 67 8 / 
 
-- 2 saturations tables: reservoir and fracture 
 TABDIMS 
2 1* / 
-- multiphase system: gas + condensate   
ISGAS 
   
UNIFIN 
UNIFOUT 
 
--High nstack number to mitigate convergence issues 
NSTACK 
200/ 
 
--Grid section-------------------------------------------------------- 
   
GRID 
-- size of the cells: log tartan  constant Z 40 
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DXV 
3500    2500    1318    799     512     339     228     156     107     74 
51      38      26      18      12      8       6       4       3       3 
4       6       8       12      18      26      38      26      18      12 
8       6       4       3       2       1.5     1.5     1.5     1.5     1.5 
2       3       4       6       8       12      18      26      38      26 
18      12      8       6       4       3       3       4       6       8 
12      18      26      38      51      74      107     156     228     339 
512     799     1318    2500    3500 / 
   
DYV 
3500    1500    900     700     550     400     300     250     200     145      
110     85      65      50      40      35      30      25      20      16 
13      10      8       8       6       5       4       3       2.5     2 
1.5     1.5     1.5     1.5     1.5     1.5     1.5     2       2.5     3 
4       5       6       8       8       10      13      16      20      25 
30      35      40      50      65      85      110     145     200     250 
300     400     550     700     900     1500    3500 / 
 
DZV 
8*15 / 
 
--top of the reservoir at 7400 ft 
TOPS 
5025*7400 / 
/ 
   
EQUALS 
'PORO' 0.13 / 
'PERMX' 10 / 
'PERMY' 10 / 
'PERMZ' 1 / 
/ 
 
--definition of a box for the fracture 
BOX 
20 56 34 34 1 8 / 
 
PERMX 
296*1067 / 
 
PERMY 
296*1067 / 
 
PERMZ 
296*1067 / 
 
MULTPV 
296*0.07 / 
 
ENDBOX 
 
GRIDFILE 
2 1*/ 
 
INIT  
 
EDIT 
 
--Properties section----------------------------------------------- 
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 PROPS 
 
--Velocity stripping parameters for condensate 
VDKRO 
--m     n1     n2     Ncb 
80     24       0       2.2E-6 / 
80     24       0       2.2E-6 / 
 
--Velocity stripping & Forchheimer effect (beta correlation) parameters for gas 
VDKRG 
--m     n1      n2     Ncb       ag               bg       cg     dg 
24      6        -1      2.2E-6   1.561E-3    5.5     5.5     0.5 1* / 
24      6        -1      2.2E-6   8.656E-4    5.5     5.5     0.5 1* / 
    
NCOMPS 
9 / 
  
EOS 
PR / 
 
-- Peng-Robinson correction 
PRCORR 
   
-- Standard temperature and pressure in Deg F and PSIA 
STCOND 
60.0 14.7 / 
   
-- Component names 
 CNAMES 
CO2 N2 C1 C2 C3 C4-6 C7+1 C7+2 C7+3 / 
   
HYDRO 
N N H H H H H H H / 
   
INCLUDE 
SPEESSAI.PVO / 
/ 
 
--Water saturation functions 
SWFN 
0.16 0.000 0 
0.18 0.000 0 
0.20 0.002 0  
0.24 0.010 0 
0.28 0.020 0 
0.32 0.033 0 
0.36 0.049 0 
0.40 0.066 0 
0.44 0.090 0 
0.48 0.119 0 
0.52 0.150 0 
0.56 0.186 0 
0.60 0.227 0 
0.64 0.277 0 
0.68 0.330 0 
0.72 0.390 0 
0.76 0.462 0 
0.80 0.540 0 
0.84 0.620 0 
0.88 0.710 0 
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0.92 0.800 0 
0.96 0.900 0 
1.00 1.000 0 / SATNUM 1 
0.16 0.000 0  
1.00 1.000 0 / SATNUM 2 
/  
 
--Gas saturation functions 
SGFN 
0.00 0.000 0.0 
0.04 0.005 0.1 
0.08 0.013 0.2 
0.12 0.026 0.3 
0.16 0.040 0.4 
0.20 0.058 0.5 
0.24 0.078 0.6 
0.28 0.100 0.7 
0.32 0.126 0.8 
0.36 0.156 0.9 
0.40 0.187 1.0 
0.44 0.222 1.1 
0.48 0.260 1.2 
0.52 0.300 1.3 
0.56 0.349 1.4 
0.60 0.400 1.5 
0.64 0.450 1.6 
0.68 0.505 1.7 
0.72 0.562 1.8 
0.76 0.660 1.9 
0.80 0.680 2.0 
0.84 0.740 2.1 / SATNUM 1 
0.00 0.000 0.0 
0.84 0.740 2.1 / SATNUM 2 
/ 
 
--Oil saturation functions 
SOF3 
0.00 0.000 0.000 
0.04 0.000 0.000 
0.08 0.000 0.000 
0.12 0.000 0.000 
0.16 0.000 0.000 
0.20 0.000 0.000 
0.24 0.000 0.000 
0.28 0.005 0.005 
0.32 0.012 0.012 
0.36 0.024 0.024 
0.40 0.040 0.040 
0.44 0.060 0.060 
0.48 0.082 0.082 
0.52 0.112 0.112 
0.56 0.150 0.150 
0.60 0.196 0.196 
0.68 0.315 0.315 
0.72 0.400 0.400 
0.76 0.513 0.513 
0.80 0.650 0.650 
0.84 0.800 0.800 / SATNUM 1 
0.24 0.000 0.000 
0.84 0.800 0.800 / SATNUM 2 
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/ 
   
--Rock and water pressure data 
ROCK 
3550 0.000004 / 
   
PVTW 
3550 1.0 0.000003 0.31 0.0 / 
   
--Surface density of water 
DENSITY 
1* 63.0 1* / 
 
REGIONS 
 
SATNUM 
40200*1 / 
 
BOX 
20 56 34 34 1 8 / 
 
SATNUM 
296*2 / 
 
ENDBOX 
 
--Solution section------------------------------------------------------ 
SOLUTION 
  
--Equilibration data - initial pressure 4000 psi at 7407.5ft, i.e the datum (gauge) depth 
--the oil-water and the oil-gas contact depths are at 8500ft. 
 EQUIL 
7407.5 3720 9500 0 9500 0 0 0 0  / 
 
-- 2 stages separator 80F/815psia then 80F/65psia  stock tank at standard conditions   
FIELDSEP 
1   80 815 / 
2   80  65 / 
3   60 14.7 / 
/ 
 
RPTSOL 
DENG VGAS PSAT/ 
 
OUTSOL 
PRESSURE SGAS SOIL SWAT DENG VGAS / 
   
SUMMARY 
 
RUNSUM 
   
--Well oil production rate and total, GOR and bottom hole pressure 
WOPR 
/ 
WOPT 
/ 
WGOR 
/ 
WGPR 
/ 
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WWPR 
/ 
WBHP 
/ 
 
--field pressure 
FPR 
FGIP 
FOIP 
  
--Producer block data 
BOSAT 
20 6 1  / 
20 7 1  / 
... ect 
/ 
 
BKRG 
--same as  previous 
BKRO 
--same as  previous 
 
 
BOVIS 
--same as  previous 
 
BGVIS 
--same as  previous 
 
BBTFORG 
--same as  previous 
 
BPRES 
--same as  previous 
 
CDFAC 
P 38 34 1 / 
P 38 34 2 / 
P 38 34 3 / 
P 38 34 4 / 
P 38 34 5 / 
P 38 34 6 / 
P 38 34 7 / 
P 38 34 8 / 
/ 
 
CTFAC 
P 38 34 1 / 
P 38 34 2 / 
P 38 34 3 / 
P 38 34 4 / 
P 38 34 5 / 
P 38 34 6 / 
P 38 34 7 / 
P 38 34 8 / 
/ 
   
--Schedule section------------------------------------------------------ 
  
SCHEDULE 
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TUNING 
1* 10 1E-6 / 
/ 
1* 1* 400 / 
 
RPTSCHED 
PRESSURE SOIL PSAT SWAT SGAS KRO KRG DENG VGAS VOIL BGAS BOIL  / 
 
RPTRST 
PRESSURE SOIL PSAT SGAS SWAT DENG VGAS VOIL BGAS BOIL KRO KRG  / 
 
-- 2 stages separator 80F/815psia then 80F/65psia  stock tank at standard conditions -------- Liquid sent to stock tank directly 
SEPCOND 
SEP FIELD 1   80 815  -1 / 
SEP FIELD 2   80  65  -1 / 
SEP FIELD 3   60 14.7 -1 / 
/ 
   
--well in the middle of the grid X38 Y34, BHP is default 
WELSPECS 
P FIELD 38 34 1* GAS/ 
/ 
 
WSEPCOND 
P SEP / 
/ 
 
COMPDAT 
P 38 34 1 8 1* 1* 1* 0.5 / 
/ 
 
--Multi rate test  
 
WCONPROD 
P OPEN GRAT 1* 1* 4000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400     20*0.0462963 / 
   
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400     20*0.0462963 / 
   
WCONPROD 
P OPEN GRAT 1* 1* 8000 1* 1* / 
/ 
   
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
   
WCONPROD 
P STOP /   
/ 
  
TSTEP 
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100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
   
WCONPROD 
P OPEN GRAT 1* 1* 12000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
   
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
   
WCONPROD 
P OPEN GRAT 1* 1* 16000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
   
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400   20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 20000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 24000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 28000 1* 1* / 
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/ 
 
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 /  
 
--extended drawdown at 16000Mscf/D 
WCONPROD 
P OPEN GRAT 1* 1* 16000 1* 1* / 
/ 
 
TSTEP 
100*0.01157407400   100*0.0462963   100*0.092593   100*0.1157407400   100*0.462963 
100*0.92593/ 
 
--second multi rate test 
WCONPROD 
P OPEN GRAT 1* 1* 4000 1* 1* / 
/ 
 
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400     20*0.0462963 / 
   
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400     20*0.0462963 / 
   
WCONPROD 
P OPEN GRAT 1* 1* 8000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 12000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
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TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 16000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400    20*0.0462963 / 
WCONPROD 
P STOP /   
/ 
 
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400   20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 20000 1* 1* / 
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 24000 1* 1* / 
/ 
 
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P STOP /   
/ 
  
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
  
WCONPROD 
P OPEN GRAT 1* 1* 28000 1* 1* / 
/ 
 
TSTEP 
100*0.000115740700    100*0.00115740700     50*0.01157407400  20*0.0462963 / 
 
--well shut in 
WCONPROD 
P STOP /   
/ 
 
TSTEP 
100*0.01157407400   100*0.0462963   100*0.092593   100*0.1157407400   100*0.462963 
100*0.92593/ 
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Coarse grid two phase pseudo-pressure data file  
 
The data file is almost the same. Here are the modifications. 
 
--Runspec section--------------------------------------------------------------------------------------  
--fractured well completion 
FWELLS   
 
-- velocity dependant relative permeability. Darcy flow for oil and gas. 
VELDEP 
1 1 0 0 0 /  
 
-- 1 saturation table 
 TABDIMS 
1* / 
  
--Grid section-------------------------------------------------------------------------------------------   
-- size of the cells: decreasing logarithmically down to 100ft perpendicularly to the ---------fracture.  
--Vertical cell size is constant Z 15 
DXV 
3500    2500    1318    799     512     339     228     4*200   395.5   4*200 
228     339     512     799     1318    2500    3500 / 
 
DYV 
3500    1500    900     700     550     400     300     250     250     6*250 
175     150     100     150     175     6*250   250     250     300     400 
550     700     900     1500    3500 / 
 
DZV 
8*15 / 
 
--Props section------------------------------------------------------------------------------------------  
PROPS 
 
--Velocity dependant relative permeability. No beta factor correlation input for gas. 
VDKRG 
--m    n1   n2     Ncb   
24     6     -1      2.2E-6 / 
 
--Schedule section-------------------------------------------------------------------------------------  
 
--well in the middle of the grid X12 Y18, 2 phases pseudo-pressure applied 
WELSPECS 
P FIELD 12 18 1* GAS 1* GPP / 
/ 
--velocity dependant relative permeabilities taken into account when applying 2PPP 
PICOND 
1* 1* 1* YES / 
 
--well in the middle of the grid X12 Y18, diameter=0,5ft, skin=1,293, Forchheimer effect --D factor=7.162, well is fractured in 
--the X direction 
COMPDAT 
P 12 18 1 8 1* 1* 1* 0.5 1* 1.293 7.162E-5 FX / 
/ 
 
--Well transmissibility multiplier to correct the transmissibility bias due to block size  
WPIMULT 
P 0.795 /  
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SPE Paper 962 (1965) 
Two phase flow of volatile hydrocarbons 
 
Authors: 
Kniazeff, V.J / Naville, S.A 
 
Contribution to the understanding of gas condensate reservoirs: 
 
First numerical radial model of gas condensate deliverability. Description of three zones in the vicinity of the well bore. 
 
Objective of the paper: 
 
To solve numerically the non linear partial differential equation for radial 2 phase flow around the well bore. 
To improve the understanding of the drainage mechanism of two phase flow hydrocarbons (gas condensate and volatile oil). 
  
Methodology used: 
 
The non linear partial differential equation for radial 2 phase flow around the well bore was solved through a numerical 
computer simulation. The solution giving bottom hole pressures, well productivities and effluent compositions is applied to a 
gas condensate field. 
 
Conclusion reached: 
 
Condensate saturation builds up when the bottom pressure drops below the dew point, then reducing the gas deliverability.  
 
Comments: 
 
This paper is the first description of three saturation zones around the well bore of a gas condensate well flowing below the 
dew point. 
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SPE Paper 716 (1965) 
Integration of partial differential equation for transient radial flow of gas condensate fluid in porous structures 
 
 
Authors: 
Eilerts, C.K / Sumner, E.F / Potts, N.L 
 
Contribution to the understanding of gas condensate reservoirs: 
 
Numerical resolution of the 2 phase transient flow equation. 
 
Objective of the paper: 
 
To develop a computer program to solve the integration equation that describes the multi component, 2 phase transient radial 
flow of gas condensate by finite difference computing method. 
 
Methodology used: 
 
Non linear partial differential equation is integrated using finite difference equation computation.  
 
Conclusion reached: 
 
Partial blocking of the porous media reduces the flow of recoverable hydrocarbons. 
The use of five term rather than three term finite derivative to represent derivative of the PDE led to development of five 
diagonal matrix solution that could be useful for integration of complex equations with computer programs. 
 
Comments: 
This paper applied existing mathematical methods to solve transient linear flow equation, a huge step 
forward in the understanding of condensate behavior at that time. 
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SPE Paper 1243 (1966) 
The flow of real gases through porous media  
 
Authors: 
R. Al-Hussainy / H.J. Ramey / P.B. Crawford 
 
Contribution to the understanding of gas condensate reservoirs: 
 
Theoretical formulation to analyze flow of real gas. 
 
Objective of the paper: 
 
To describe fundamental considerations which can be used successfully to analyze the flow of real gases. 
 
Methodology used: 
 
A rigorous gas flow equation was developed which is a second order, non-linear partial differential equation with variable 
coefficients. This equation was reduced by a change of variable to a form similar to the diffusivity equation, but with potential 
dependent diffusivity.  
 
Conclusion reached: 
 
Pseudo-pressure technique can be used to analyze real gas flow. This concept gives a considerable simplification and 
improvement in all phases of gas well testing analysis and gas reservoir calculations. 
 
Comments: 
 
The use of a single phase pseudo-pressure for gas flow replaces pressure or pressure squared as currently applied to gas flow. 
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SPE Paper 1495 (1967) 
Successfully Cycling a Low-Permeability, High-Yield Gas Condensate Reservoir 
 
Authors: 
O’Dell, H.G. / Miller, R.N 
 
Contribution to the understanding of gas condensate reservoirs: 
 
Theoretical formulation to analyze flow of real gas. 
 
Objective of the paper: 
 
Introduction of a simple method (steady state flow) to estimate gas condensate well deliverability. 
 
Methodology used: 
 
The method for the engineering analysis of the production history was based on a concept that the velocities of the liquid and 
vapor phases are equally steady state conditions. To satisfy the equal velocity concept, along with relative permeability, 
viscosity and phase behavior data, apparent liquid hydrocarbon saturation was computed as a function of pressure.  
 
Conclusion reached: 
 
Producing retrograde gas condensate wells with flowing BHP's below dew point pressure does not materially affect ultimate 
liquid recovery providing that reservoir pressure is maintained and that the reservoir exhibits favorable relative permeability.  
 
Comments: 
 
Application of the steady state concept described first by Muskat in 1949 to predict well deliverability. 
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SPE Paper 1478 (1967) 
An Attempt to Predict the Time Dependence of Well Deliverability in Gas Condensate field. 
 
Authors: 
Gondouin, M. / Iffly, R. / Husson, J 
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to introduce a fourth region in the vicinity of the well where low interfacial tension (IFT) at high flow rates yield a 
decrease of the liquid saturation and an increase of gas relative permeability. 
 
Objective of the paper: 
 
To investigate the behavior of gas condensate wells producing at high rates and what factors affect the well's deliverability   
 
Methodology used: 
 
A numerical model is developed for gas and condensate flows which includes non Darcy flow of gas in the vicinity of the well. 
Experimental studies performed on cores to measure the effective permeability of  gas at a given saturation. 
 
Conclusion reached: 
 
It described the zone of increased mobility near well bore in gas condensate reservoir.  
 
Comments: 
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SPE Paper 4072 (1973) 
Single well performance prediction for gas condensate reservoir 
 
Authors: 
Fussel, D.D 
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to describe gas condensate behavior as a function of fluid richness and relative permeability. 
 
Objective of the paper: 
 
To study a single well performance and evaluate the effect of phase equilibrium data and relative permeabilities. 
 
Methodology used: 
 
A modified version of 1-D radial compositional model developed by Roebuck et al 1969 used to study the long term single 
well performance in three gas condensate reservoirs. 
 
Conclusion reached: 
 
The relative permeability characteristics for the formation significantly affect the magnitude of the condensate saturation in the 
steady state region. Predicted performance shows that the productivity index, PI of a standard well can decrease by up to a 
factor of 3 due to condensate banking.  
 
Comments: 
 
It formed the basis of many future studies on the relative permeability in gas condensate reservoirs. 
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SPE Paper 16748 (1987) 
Hysteretic effects for gas condensate wells undergoing build up tests below dew point  
 
Authors: 
M, J, Economides / Dehghani, K. / Ogbe, D.O./ Ostermann, R.D. 
  
Contribution to the understanding of gas condensate reservoirs: 
 
First to show that condensate deposited during a drawdown does not re-vaporize in subsequent build-up 
 
Objective of the paper: 
To present hysteretic phenomenon of a gas condensate reservoir, examine and critique 
the existing method for interpreting the pressure behavior of gas condensate reservoirs 
Methodology used: 
 
The hysteretic effect was examined and quantified using an existing method for interpreting the pressure behavior of gas 
condensate reservoirs and was found appropriate for the time when "steady- state" saturation emerges and as long as relative 
permeability data are available. 
 
Conclusion reached: 
 
The hysteretic phenomenon of a gas condensate reservoir has been presented and quantified. A "hysteretic criterion" has been 
introduced.  
The interpretation method presented by Jones and Raghavan has been examined and critiqued and has been accepted as an 
appropriate route if relative permeability data are available.  
 
Comments: 
Presented a new method that allows the calculation of the "apparent" reservoir permeability at steady 
state and when employing a step pressure test 
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SPE Paper 14204 (1988) 
Interpretation of Flowing Well Response in Gas-Condensate Wells 
 
Authors: 
Jones, J.R. / Raghavan, R., 
  
Contribution to the understanding of gas condensate reservoirs: 
 
First to introduce the concept of two-phase pseudo-pressure. 
 
Objective of the paper: 
 
To examine the flowing response in a condensate reservoir and to examine the effect of liquid condensation on the well 
response as the pressure drops below dew point.  
 
Methodology used: 
 
A fully implicit one-dimensional radial compositional model was used to simulate the well response. Steady flow was 
examined in order to verify the accuracy of the numerical solution. 
 
Conclusion reached: 
 
The size of the mobile liquid zone can be estimated for a given set of conditions and the estimate provides an upper limit for 
the size of the zone under transient flow.  
If the two-phase flow effect is dominant the conventional definition of pseudo-pressure that ignores the existence of the second 
mobile zone is inadequate for analyzing data  
 
Comments: 
 
The paper presented the theoretical foundation for well test data in gas condensate systems. 
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SPE Paper 20579 (1993) 
A New Model for a Fractured Well in a Radial, Composite Reservoir  
 
Authors: 
Chu, W.C. / Shank, G. D 
 
Contribution to the understanding of gas condensate reservoirs: 
 
First gas condensate well test analysis showing a two region composite behavior. 
 
 
Objective of the paper: 
 
To study fractured wells in composite reservoirs 
 
Methodology used: 
 
Pressure fall off tests for injection wells and build up tests for gas condensate wells were analyzed for two different fields 
using a 2-zone radial composite model. The same model is applied to gas condensate well build up data to understand the 
reduced mobility effects. The model of a vertically fracture well in a homogeneous region was developed from the solution 
presented by Cinco-Ley and Meng (1988).  
 
Conclusion reached: 
 
Two-zone radial composite model can be applied to analyze gas condensate well build up data. The liquid drop out region 
appears as zone of reduced mobility. The dynamic process of changing reservoir behavior from single-phase system to a 
composite system can be analyzed. 
 
Comments: 
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SPE Paper 30714 (1996) 
Modeling gas condensate well deliverability  
 
Authors: 
Fevang. O. / Whitson, C.H 
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to model well deliverability by using a 3 zone two phase pseudo-pressure model 
 
Objective of the paper: 
 
To model the gas condensate well deliverability using simplified technique for estimating pseudo-
pressure as function of producing GOR and PVT data. 
Methodology used: 
 
Multiphase pseudo-pressure function was estimated for three different near well bore flow regimes (Near well bore, 
condensate build up and single phase gas) to calculate gas rate and was compared to small and large grid simulation results. 
The solutions were compared with fine grid compositional numerical models. The effect of relative permeability ratio krg/kro 
was studied.  
 
Conclusion reached: 
 
Most of the deliverability loss is caused by reduced gas permeability in Region where condensate accumulate and flow. The 
primary relative permeability relationship affecting condensate blockage and, thus the primary cause of reduced well 
deliverability is krg as a function of krg/kro. Critical oil saturation has no effect on gas-condensate well deliverability. Local 
grid refinement is not needed for gas-condensate wells in full-field models. The proposed pseudo-pressure method calculates 
well deliverability accurately in coarse-grid models, without any near-well grid refinement. Examples are given for radial, 
vertically fractured and horizontal wells.  
 
 
Comments: 
 
It forms the basis for the Generalized Pseudo-Pressure option in commercial reservoir simulators. 
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SPE Paper 62933 (2000) 
The relative significance of positive coupling and inertial effects on gas condensate relative permeabilities at high velocity 
 
Authors: 
G.D.Henderson/ A.Danesh/ D.H.Tehrani / B.Al-Kharusi 
 
Contribution to the understanding of gas condensate reservoirs: 
 
Understanding of the positive effect of velocity and capillary number effect balancing the non Darcy flow effects. 
 
Objective of the paper: 
 
To develop empirical correlations, which relate the change of gas-condensate relative permeability to variations in fluid 
saturation, velocity and IFT.  
To investigate the flow of gas condensate fluids in the well bore region of gas condensate reservoirs, and in particular to 
investigate the effect that inertia would have on the relative permeability 
 
Methodology used: 
 
Experimental relative permeability measurements performed on cores at high pressure. 
 
Conclusion reached: 
 
The effect of positive coupling was evident at high velocity and at high IFT for three different cores, with the gas relative 
permeability in particular increasing with increasing velocity at near well bore flow rates. "Cross over" relative permeability 
curves have been reported, which show a transition from inertia dominated relative permeability curves with increasing 
velocity at low condensate saturations corresponding to low CGR. 
Comments: 
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SPE Paper 62920 (2000) 
Well test Analysis in gas condensate reservoir 
 
Authors: 
Gringarten A.C. / Al Lamki, A. / Daungkaew, S. / Mott, R. / Whittle, T.M. 
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to investigate the existence of increased gas mobility region in the immediate vicinity of the well using field data. 
 
Objective of the paper: 
 
To investigate the existence of three mobility zones due to condensate drop out and velocity stripping near the wellbore in gas 
condensate reservoirs. 
To develop a better understanding both qualitatively and quantitatively of near wellbore effects in Gas-Condensate reservoirs 
from well testing and to use this understanding to develop new methods for predicting well productivity in such reservoirs 
 
Methodology used: 
 
Radial homogeneous compositional reservoir model is simulated with and without capillary number effects to generate 
pressure transient tests. Build up were analyzed with well testing software.  
 
Conclusion reached: 
Three stabilizations on the derivative, corresponding to three mobility zones: an outer zone away from the well, with the initial 
liquid condensate saturation; then a zone nearer to the well, with increased condensate saturation and lower gas mobility; and 
finally a zone in the immediate vicinity of the well with high capillary number which increases the gas relative permeability, 
resulting in a recovery of gas better than initially expected.  
Comments: 
 
First to use 3-region composite model to analyze gas condensate well tests. 
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SPE Paper 89905 (2004) 
Well test Analysis of horizontal well in gas condensate reservoir 
 
Authors: 
Hashemi A. / Nicolas L.M / Gringarten A.C.  
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to describe near well bore effect in horizontal well tests in gas condensate reservoir below the dew point. 
 
Objective of the paper: 
 
To study the near well bore behaviors in horizontal wells in gas condensate reservoirs with a focus on the 
existence of different mobility zones due to condensate dropout. 
Methodology used: 
 
Use a 3D fully compositional model to develop derivative shapes from horizontal well test data in gas condensate reservoirs 
below dew point. Analyze actual well test data that show such derivative characteristics using a uniform flux horizontal well 
with well bore storage and skin model with appropriate boundaries 
 
Conclusion reached: 
 
Gas relative permeability at near well bore saturation and at initial liquid saturation and absolute permeability are the most 
important parameters for predicting well productivity in gas condensate reservoirs. Introduce a method of generating pseudo-
relative permeabilities and the absolute permeability from pressure build-up responses using single phase and two phase 
pseudo-pressures.  
 
Comments: 
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SPE Paper 89904 (2004) 
New estimate for the radius of a condensate bank from well test data using dry gas pseudo pressure. 
 
Authors: 
Bozorgzadeh M. / Gringarten A.C.  
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to determine bank condensate radius from well test analysis using real gas pseudo pressure. 
 
Objective of the paper: 
To estimate the storativity ratios between the oil/gas region in the well bore and other regions in the 
reservoir as a function of the condensate saturation profile in order to more accurately determine the 
condensate bank radii during well testing using build up and PVT data. 
Methodology used: 
 
Use an independent storativity ratio determined from the saturation profile of a build-up that immediately succeeds a 
drawdown for single-phase pressures and two- and three-zone radial composite well test interpretation models to estimate the 
condensate bank radius. 
 
Conclusion reached: 
 
We have introduced a method for estimating the condensate bank radius from well test analysis below the dew point using the 
dry gas pseudo-pressure function. The method uses an independent determination of the storativity ratio between the oil-gas 
region around the well and the original gas away from the well. A method for predicting the capillary number parameters in 
the absence of experimental data was also introduced 
 
Comments: 
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SPE Paper 121848 (2010) 
Well test dynamics of rich gas condensate reservoir under gas injection. 
 
Authors: 
Aluko A.O / Gringarten A.C.  
 
Contribution to the understanding of gas condensate reservoirs: 
 
First to show that the drawdown derivative is the mirror image of the derivative in the subsequent build up in rich gas 
condensate reservoir. 
 
Objective of the paper: 
To investigate the well test behavior of rich gas condensate reservoirs below the dew point pressure and 
the impact of re-vaporization of the condensate bank due to re-pressurization by gas injection     
Methodology used: 
 
Compositional simulation was used to investigate and characterize reservoir fluid dynamics and well test behavior of wells in 
rich gas condensate reservoirs.  
 
Conclusion reached: 
 
The study suggests that, contrary to what happens in lean gas condensate reservoirs, the near well bore fluid saturation below 
the dew point pressure in a build up is different from that at the end of the preceding drawdown, because of the significant 
differences in fluid properties and saturations. 
A practical method to evaluate the condensate bank storativity, which is required to calculate the bank radius, has been 
developed and verified. The calculated bank radius approximates the extent of the two-phase region at the end of preceding 
drawdown when the near well bore pressure is below the dew point pressure  
 
Comments: 
 
No comments. 
 
